




















A Beam with a Surface Mounted Piezoelectric Element 
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Assumptions: 

• The piezoelectric element is perfectly bonded 

• The applied voltage is uniform along the beam, i.e., v(x,t) = v(t) 

 
Potential energies: 

∫ 







∂
∂=

L

bbb dx
x
wIEV

0

2

2

2

2
1  (1) 

 [∫ −−−







∂
∂=

L

ppp dxxxHxxH
x
wIEV

0 21

2

2

2

)()(
2
1 ]  (2) 

where H is the Heaviside’s function. 

Kinetic energies: 
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Virtual work: 
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From the constitutive equation of the piezoelectric materials, 
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The virtual work done by the induced strain (force) is: 
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where b is the width of beam and piezo layer 
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Apply extended Hamilton’s principle, 
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Substituting eqs. (14) - (18) into eq. (13),  
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For arbitrary wδ  in 0 < x < L, 

Equation of motion: 
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with boundary conditions: 
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